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SUMMARY 

S e v e r a l   d o u b l e - r q   i n l e t s ,   u t i l i z i n g  a variable-angle   second ramp, 
were mounted on the f u s e l a g e  of a supersonic   a i rp lane   having  a twin-duct 
air intake system and   i nves t iga t ed   i n  the Lewis 8- by 6-foot   supersonic  
t u n n e l  a t  Mach numbers of 1.5, 1.8, and 2.0. With a l l  the inlets, the 
boundary-layer a i r  from the preccmrpression ramp br idged   across  the 
leading  edge of the variable ramp. Increas ing   the   p recompress ion  ramp 
ang le  f r o m  3O t o  loo  increased  the ove r -a l l   t o t a l -p re s su re   r ecove ry  f r o m  
0 .?9 to 0.85 a t  a Mach number of 2 .O, b c l u d i n g  a 4 percent loss  ahead 
of the i n l e t  due t o  the forebody. The stable opera t ing   range  was very 
limited, and i n  the pu l s ing   r eg ion  it was observed that one duct  c-ried 
most of the a i r  flow. It was also found that subsonic   diffuser   perform- 
ance was dependent on b o t h   i n l e t  Mach number and i n i t i a l  
d i f f u s i o n .  - 

I 

INTRODUCTION 

When the speed  range  of a turbojet-powered aircraft 
2.0, it becomes desirable t o   u t i l i z e  a variable-geometry 

rate of 

extends t o  Mach 
i n l e t  system i f  

optimum performance  of the engine is requ i r ed  at-all  f l i g h t  speeds. 
Therefore ,  a twin -duc t   s ide   i n t ake  system u t i l i z i n g  several double-ramp 
i n l e t s  with a variable second ramp was i nves t iga t ed  i n  the Lewis 8- by 
6- foot   supersonic   tunnel .  The i n t e r n a l  and external  performance  of  one 
of these i n l e t s  W&S ' r epo r t ed   i n   r e f e rence  1. The ob jec t   o f  this inves- 
t i g a t i o n  was t o  make a detailed s tudy  of the inlet performance  and  in- 
corporate  any  indicated  improvement.  The i n v e s t i g a t i o n  was conducted 
a t  free-stream Mach numbers of 1.5, 1.8, and 2.0 over a range of mass- 
f l o w   r a t i o   a n d   a n g l e   o f  attack. 

. The following  symbols are used i n  this r e p o r t :  

A . 
L 

area 

l e n g t h  of s u b s o n i c   d i f f u s e r ,  81.5 i n .  
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M 

m3/m0 

Subscript6 : 

max 

X 

0 

1 

2 

3 

Mach number 

engine mass-flow r a t i o ,  engine mss flow 
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maxbum mass-flow r a t i o ,   b a s e d  on t h e o r e t i c a l   o b l i q u e  
shock system 

t o t a l   p r e s s u r e  

static p res su re  

v e l o c i t y  

t o t a l   t e m p e r a t u r e  

air flow, lb/sec 

d i s t a n c e  frm cowl U p ,  model s t a t i o n  36 

model m g l e .  of attack, deg 

variable-ramp  angle with r e s p e c t   t o  fuselage c e n t e r  Ilne, 
deg 

mass d e n s i t y  of air 

P3/2116 

maxfmum 

cond i t ions  a t  x-dis tance Fr* cowl l i p  

fYee stream 

fuse l age   su rvey   s t a t ion  J model s t a t i o n  31 

d i f f u s e r - i n l e t  survey s t a t i o n ,  model s t a t i o n  40 

d i f f u s e r - e x i t  survey s t a t i o n ,  model s t a t i o n  100 
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P e r t i n e n t  Areas 

3 

p r o j e c t e d   f r o n t a l  area o f   b o t h   i n l e t s :  0.342 sqoft f o r  3' 
precompression ramg i n l e t s ;  0.360 sq f t  f o r  10 precom- 
p res s ion  ramp i n l e t s  

A3 f low area a t  diffuser discharge, 0.457 sq f t  

A photo@;raph  of the model used   i n  this i n v e s t i g a t i o n  is presented  
i n  figure 1. The s i d e   i n l e t s  were mounted on a 1/4-scale fuse l age  
forebody  of a supe r son ic   a i rp l ane .  The geometrically similar d u c t s  
j o i n e d   i n t o  a common duc t  a t  a model s t a t i o n  that corresponded t o  the 
engine  compressor face i n  the pro to type  airplane. 

The model was sting-mounted i n  the tunnel   th rough a system of 
s t r a in -gage   ba l ances .  A shroud, which formed a cont inuat ion  of  the 
f u s e l a g e   b u t  was independent of it, was used t o   p r o t e c t  the va r ious  
mechanisms a t  the rear of the model. It is  seen i n  figure 1 as a dark 
extension  of the fuse lage .  Also ev iden t  i n  figure 1 is one of  two 
exhaus t   vents  that w e r e  mounted on  the shroud t o  lower the p res su re  
at the base of the m o d e l  and ensure  choking a t  the mass-flow  control 
p lugs .  

F igure  2 p r e s e n t s  a schematic diagram  of the model., i nc lud ing  
i n t e r n a l  f l o w  s t a t i o n s  and r e p r e s e n t a t i v e  m o d e l  c ross -sec t ions .  The 
nose  of the m c d e l  was canted downoat  an angle   o f  5', and the i n l e t s  
were canted d m  a t  an   angle  of 3 , b o t h  with respect t o  the fuse l age  
c e n t e r  l ine.  P i l o t   v i s i o n ,  rather than  inlet  performance, uas the rea- 
son f o r  the droop  of the nose.  

Photographs  and details of the va r ious  in le t  conf igu ra t ions  are 
presented  i n  f i g u r e s  3 and 4. In genera l ,  the inlets had a fixed pre- 
compression ramp and a variable-angle  second ramp. The  second ramp was 
faired i n t o  the main duc t  by means of a plate that was h i n g e d   t o  the 
duc t  w a l l  a t  i t s  downstream  end (fig. 4 (d ) ) .  Moving the variable ramp, 
t h e n ,   a l s o  varied the area d i s t r i b u t i o n  and d i f f u s i o n  rate i n  the 
i n i t i a l   p o r t i o n   o f   t h e   s u b s o n i c   d i f f u s e r .  The r e s u l t i n g  area d i s t r i -  
bu t ions  are shown in f i g u r e  5. 

S p e c i f i c  inlet conf igu ra t ions  wlll be designated by three symbols, 
such as 3-R-0. The first symbol (3 i n  the example) w i l l  denote  the ang le  
of  the  precompression ramp. The second  symbol will des igna te  whether the 
v a r i a b l e  ramp was hinged a t  i t s  leading  edge  (F) or at  model s t a t i o n  
37 (R). The th i rd  symbol will des igna te  the th i ckness  of the spacer 
under the rear plate a t  model s t a t i o n  51.1 (fig.  4 ( g ) ) ,  which was used 
t o  vary the  area d i s t r i b u t i o n  in the i n i t i a l  par t  of the subsonic 
diffuser. 
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Boundary-layer  removal was accomplished by means of  ram-type 
boundary-layer  scoops  located  beneath the  c a t e r  po r t ion  of the  inlet 
ramps as shown i n   f i g u r e  4(b). P a r t  of the boundary-layer a i r  was 
bled   th rough  duc ts  which changed  smoothly from a - r e c t a n g u l a r   c r o s s  
s e c t i o n  t o  a c i r c u l a r   c r o s s   s e c t i o n  and discharged the boundary-layer 
air a t  the m o d e l  exit s t a t i o n  i n  a d i r e c t i o n  pparsllel t o  the main duct.  
Mass flows w e r e  c o n t r o l l e d  by means of.  remotely  operated  plugs (fig.  2 ) .  
The air in excess of that passing  through the bleed d u c t s  W&S d i v e r t e d  
by wedges, as shown in  f i g u r e  4(b).  cu 

N 

The i n v e s t i g a t i o n  'K&S conducted a t  free-stream Mach numbers  of 1.5, 
1.8, and 2 .O, a t - v a r i o u s   a n g l e s  of attack. Reynolds number,  ba8ed on 
l e n g t h  of fuse lage   ahead  of the inlet ,  wss approximately 13XL06. 

RESULTS AND DISCUSSION 

I n l e t  3-R-0. - The in te rna l   per formance  of i n l e t  3-R-0 with the 
variable-ramp  angle set a t  19' is  presqted i n   f i g u r e  6 at a free-stream 
Mach number of 2.0. Lines of cons tan t   co r rec t ed  weight - f low are ind i -  
ca t ed  on the performance  curves ; a p a r t i c u l a r  one,   labeled 'hatch line, '* 
corresponds t o  the corrected  weight  flow r equ i r ed  at a n   a l t i t u d e  of 
35,000 feet by the J67-W-1 engine, the  f!r-which"the airpl-ane - 
was designed. Peak t o t a l - p r e s s u r e  recovery occurred at p o s i t i v e   a n g l e  
of attack because of the downward c a n t  of  the i n l e t  and forebody. The 
nose  of the forebody m s  a l i n e d  with the  flow a t  ang le  of attack a = 5' 
and  unpublished da ta ,  t a k e n   i n  a previoue  investigation,  indicatoed that 
the i n l e t  would be n e a r l y  alined w i t h  the l o c a l   f l o w  at a = 3.5 . These 
unpublished data also i nd ica t ed  that the Mach number ahead of the i n l e t  
was e s s e n t i a l l y  f ree  stream. The r e d u c t i m  i n  in te rna l   per formance  a t  
zero  angle   of  att8Ck was prOb8bly due t o  the local flow angle  over the 
s h a r p   l i p   s i d e   f a i r i n g s .  A peak   to ta l -pressure   recovery  of 79 pe rcen t  
w&s obtained for this i n l e t  a t  the mln3m.m stable s u b c r i t i c a l  mass-flow 
r a t i o .  

.. ." 
" 

E .  

. .  . . . . . . . - - . . . "" 

The experimental   point   of   lowest  mass-flow ratio on figure 6 and all 
succeeding figures K&S the minimum stable poin t   ob ta ined  a t  each   angle  
of at tack. A stable subcr i t ica l   mass- f low  range  of  approximately 3 per -  
c e n t  of maximum mass flaw was obtained st a = 3.5' a c l u d i n g  that 
p o r t i o n  of the cg-ve i n  which  pressure  recovery  decreased  rapidly with 
an i n c r e a s e  in mass-flow r a t i o  -[from - 0 . 8 3 5 -  <Gtiil/ma < 0.91) I n  this  

. .. 
1 

r eg ion ,   one   duc t   ope ra t ed   subc r i t i ca l ly   wh i l e  the other   operated  super-  
c r i t i ca l ly ,  as discussed in reference 1. 

. 
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I A breakdown  of the t o t a l - p r e s s u r e   l o s s e s   i n  the i n l e t  gystem f o r  
a free-stream Mach number of 2.0,0&n ang le  of a t t a c k  of 3.5 , and 
the variable-ramp  angle  set at 19  is  also presen ted   i n  figure 6. 
Estimated va lues  of s u b s o n i c   d i f f u s e r   l o s s e s  were c a l c u l a t e d   u s i n g  an 
adapt ion of the method of r e f e r e n c e  2. The 4 percen t  loss in t o t a l -  
p ressure   recovery   ahead  of the i n l e t  APo-l/Po was obtained frm unpub- 
l i s h e d   r e s u l t s   o f  a prev ious   i nves t iga t ion   u s ing  the same forebody  con- 
f i g u r a t i o n .  The breakdown of l o s s e s  is presented   on ly  for that range 

w of mass-fluw r a t i o s   o v e r  which bo th   duc t s  were o p e r a t i n g   s u b c r i t i c a l l y .  w 
co eo. Figure  6 i n d i c a t e s  that the measured i n l e t   s h o c k  lOS6eS API-~/PO were 

0.13 as compared with a theore t ica l   va lue   o f   0 .07 ,   whi le  the subsonic  
d i f f u s e r   l o s s e s  D ~ - ~ / P o  were about  the magnitude  predicted.  

. 

Contours of t o t a l -p re s su re   r ecove ry  at the i n l e t   s t a t i o n   f o r  i n l e t  
3-R-0 with the v a r i a b l e - r m p   a n g l e  set a t  19' are presented  in f i g u r e  
7 (a) f o r  Mach number 2 .O and  angle  of attack of 3.5'. The contours   of  
the r i g h t   d u c t  (fig. 7 ( a ) )   i n d i c a t e  two d i s t i n c t   r e g i o n s   o f  air flow; 
the t o t a l - p r e s s u r e   r e c o v e r y   o f   t h e   r e g i o n   n e a r  the outboard  cowl wall 
was of the order  of ma i t u d e  that would r e s u l t  from normal  shock 
recovery   fo l lowing  a 3 F precompression,  and the to t a l -p re s su re   r ecove ry  
a t  the center   o f  the duc t  was somewhat higher than  would be expected 
from the 3-shock  configuration.  These high recovery  lobes  (of  the order  
of 95 pe rcen t )  are believed t o   r e s u l t  f r o m  near-isentropic  compression 
fo l lowing  the precompression ramp shock  caused by the boundary-layer 
a i r  which  br idged  across  the l e a d i n g  edge of the v a r i a b l e  ramp. Thi s  
boundary-layer bridge caused the second  oblique  shock t o   o r i g i n a t e  at 
a p o i n t  downstream of the variable-ramg leading edge, thus   caus ing  the 
low compression  region  near the outboard cowl wall. A low compression 
r eg ion ,  similar t o  that d i s c u s s e d   f o r  the r ight  duc t ,   ex i s t ed   ove r  parrt 
of the l e f t  duc t   near  the outboard  cowl wall; and, i n  add i t ion ,  a rather 
large boundary layer was ev iden t  on the ramp silrface at the top   o f  the 
duct .  X t  is be l i eved  that th i s  thick  boundary layer r e s u l t e d  from 
separat ion  caused by an  unintended gap at the t o p " p o r t i o n   o f  the variable- 
ranrp lead ing  edge. The reg ions  of low t o t a l - p r e s s u r e   r e c o v e r y   i n   b o t h  
duc ts   accounted   for  the difference  between theoretical and  experimental  
i n l e t   s h o c k   l o s s e s   p r e s e n t e d   i n  figure 6. It is  ev iden t  from the break- 
down o f   l o s ses  (fig. 6) that the most  improvement i n  over-al l   performance 
could be made by decreas ing  the t o t a l - p r e s s u r e   l o s s e s  between s t a t i o n s  
1 and 2, the reg ion  of  the i n l e t   s h o c k s .  

& le t  3-R-0 with boundary-layer   bleed.  - In o r d e r   t o   i n c r e a s e  the 
pressure   recovery  a t  s t a t i o n  2, i n l e t  3-R-0 (bleed o f f )  was d e s i g n e d   t o  
e l k i n a t e  the b r i d g i n g  of the boundary-layer air between the precompres- 
s ion  and   va r i ab le  ramps and t o  l o c a t e  the second  oblique  shock a t  the 
leading   edge  of the v a r i a b l e  ramp. The l ead ing  edge of the v a r i a b l e  
ramp was raised 0.03 inch  above the precompression ramp t o  scoop  off the 
boundary-layer air which was t hen  discharged back t o  the free stream 
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th rough  vents ,  as seen i n  figure 3(a). The effect of  the p r e c q r e s s i o n  
ramp boundary-layer  bleed on the inlet to ta l -pressure   recovery   contours  
is presented   in   f igure   71b) .  This f i g u r e   i n d i c a t e s  that the thick 
boundaxy-layer  region i n  t h e  l e f t  duc t  was eliminated;  however, the low 
compression  regions are now more ex tens ive  near the outboard cowl walls 
of  bo th   duc t s .  The i n l e t  shock   losses  AP1,2/P0 w i t h  this  i n l e t  were 
s l i g h t l y  higher than those   ob ta ined  with i n l e t  3-R-0 without  boundary- 
layer bleed. The increase i n   t o t a l - p r e s s u r e   l o s s e s   p r o b a b l y   r e s u l t e d  
from a reduc t ion  i n  to t a l -p re s su re   r ecove ry  a t  the cen te r   o f   bo th   duc t s  
r e s u l t i n g  from the e l imina t ion   of  the near-isentropic  compression  caused 
by the boundary-layer air. 

- 

The low compression  regions near the outboard car1 walls on t h e  in- 
l e t  con tour s   i nd ica t e  that only part of  the free-stream air v a s  c d p r e s -  
sed by the f i rs t  obl ique  shock  and  the  inlet   terminal   shock.  This in- 
dicates that the  second  oblique  shock s t i l l  o r ig ina t ed  at a, p o i n t  down- 
st-seam of  the leading  edge  of  the variable ramp, probably  because par t  
of  the boundary-layer air s t i l l  br idged  across  the variable-ramp lead- 
ing  edge. T h i s  br idging  occurred i n  spite of the fact  that the boundary 
layer on the variable rang? was t h i n ,  as implied i n  figure 7 (b) . 

I n l e t  10-R-0. - The  precompression wedge ang le  was increased  from 3' 
t o  loo wi th   t he   pu rpose   o f   dec reas ing   t he   s t r eng th  of t h e  second  oblique 
shock ,   and   t hus   dec reas ing   t he   poss ib i l i t y  of b r idg ing   ac ross  the l e a d i n g  
edge of the v a r i a b l e  ramp, and  a l so   o f   t ak ing   advantage   o f  a p o t e n t i a l l y  
higher  supersonic  recovery.  The  he igh t  of the  precompression ramp from 
t h e   f u s e l a g e   s u r f a c e  was decreased from 0.5 t o  0.3 inch   i n   t he   des ign   o f  
i n l e t  10-R-0 ( f i g .  4 ( f  11, since  previous  measurements   indicated that I 

0.3 i n c h  was s u f f i c i e n t  ta remove a l l  the  boundary-layer  air developed 
by the forebody ahead o f   t h e  inlet .  With this  conf igu ra t ion   fo r  % = 
2 .O and t h e  variable-rmp ang le  set a t  19O, the  second  oblique  shock 
f e l l  q u i t e  faz ahead of the cowl l i p .  Contours   o f   to ta l -pressure  re- 
covery at the i n l e k a r e   p r e s e n t e d  in  f i g u r e   7 f c )   f o r  t h i s  configurat ion 
(10-R-0). A carborundum strip was i n s t a l l e d  on the leading edge  of t h e  
precompression ramp o f  the leFt d u c t   t o  t r i p  the b o u n d m a y e r  and re- 
duce the br idglng   across   the   var iab le- ramp  lead ing   edge .  The i n l e t  con- 
t o u r s  of the r i g h t   d u c t   i n d i c a t e  a p res su re  recovery c l o s e   t o  that ex- 
pected from shock   losses ,  and the low compression  region  encountered 
with t h e  3' precompression r& i n l e t s   ( f i g .  7 (b)) was el iminated.  The 
l e f t  duc t   con tour s   i nd ica t e  a thicker boundary layer than that obtained 
i n  the r ight  duct,  and frm schl ieren  photographs  (not   presented)  it was 
evident  that th is  r e s u l t e d  from the presence of the carborundum strip. 
Removal of the carborundum strip would robably  cause  f low similar t o  
that o b t a i n e d   i n  the r i g h t   d u c t  ( f ig .  7 7 ~ ) )   t o  occur in the l e f t  duct .  

. . .  

" 

The in te rna l   per formance  of i n l e t  10-R-0 w i t h  the variable-ramp 
angle set a t  19' is presented i n  figure 8 for free-s t ream Mach numbers 
of 2.0 and 1.8. For % = 2.0 (fig. e(&)), the performance  curves 
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- indicate an increase in peak total-pressure  recovery of 4 percentage 
points over that obtained  with inleg 3-R-8. This peak recovery was 
obtained a t  angles of attack of 3.5 t o  5 , as  befored  with  gignificant 
reductions i n  performance at angles of attack of -1,5 and 9 , For 
Mo = 2.0, a maximum stable subcritical mass-flow range of approximately 
11 percent of maximum mass flow was obtained a t  angles of attack of 3.5' 
and So, decreasing t o  no s tab i l i ty  a t  -1.5'. The maximum mass-flow r a t i o  
obtained w'as approximately that expected from theory. 

w 
E 
N) 

With the second oblique shock far ahead of the cowl l i p  at M 01 2.0, 
the  inlet  could n o t  capture enough  mass flow for  efficient matching with 
the J67-W-1 engine a t  35,000 feet. As indicated on figure 8(a) by the 
intersection of the match line  with the performance  curve^, the inlet 
would be forced t o  aperate i n  the  supercritical  region st a lower total-  
pressure  recovery than that available from this  configuration. 

For % = 1.8 (fig. 8(b)), the maximum total-pressure  recovery was 
89 percent a t  a subcritical mass-flow r a t i o ,  and the meximum stable sub- 
c r i t i ca l  mass-flow range was approximately & percent of maxtmm mass 

flow. The dashed l i n e  on figure 8[b) represents the performance of the 
in le t  in the  unstable mass-flow region, Matching of the in l e t  a t  % - 
1.8 t o  the J67-W-1 engine at 35,000 fee t  would again occur in the 
supercritical  region because of the low msximum mass-flow ra t io ,  

2 

Inlet  10-F-0. - Because the matching mass-flow r a t i o  of inlet 10-R-0 
was t o o  low for efficient operation, inlet 10-F-0 was designed. The 
leading edge of the variable ramp &s positioned t o  cause the resulting 
oblique shock t o  l i e  j u s t  ahead of the cowl l i p  at % - 2.0. The vari- 
able ramp was hinged a t  its leading edge t o  provide a more aerodynamically 
clean in l e t  than that using  the rear hinge. With the rear hinge and 
resulting  sliding  leading edge  of the miable  ranrp, the Fnlet eystem 
presented a step t o  the air f l o w  at higher  variable-rmp  angles. 

The internal performance of inlet 10-F-0 at Mo = 2.0 presented in 
figure  9(a)  indicates that the  increase i n  matching mass-flow r a t i o  for 
th i s   in le t  over i n l e t  10-R-0 enabled it t o  match the engine a t  a sig- 
nificantly  higher  pressure  recovery. The increase i n  subcritical  per- 
formance w i t h  in le t  10-F-0 over tbat obtained  with in le t  10-R-0 indicates 
the advantage o f  using  the f r o n t  hinge  instead of the  rear hinge. 

3hlets 10-F-114 and  10-F-1/2. - In order t o  increase  the stable sub- 
c r i t i ca l  mass-flow range, two modffications of i n l e t  10-F-0 w e r e  investi- 
gated. On the basis o? results presented i n  reference  the back plate  
of the  variable ramp was raised 114 inch  (inlet 10-F-1 and then 1/2 
inch  (inlet 10-F-1/2) at  model s t a t i o n  51.1 (fig.  4(g) t o  incorporate 
a more gradual change in area var ia t ion  in  t h e   i n i t i a l  p m t  of the sub- 
sonic  diffuser. 



8 - NACA RM E54D20 

The internal   performance of these two i n l e t s  is a l s o  presen ted   i n  
f i g u r e  9 fo r   f r ee - s t r eam Mach numbers  of 2.0 and 1.5. The  performance 
cu rves   i nd ica t e   an  improvement f n  the s u b c r i t i c a l   p r e s s u r e   r e c o v e r y  with 
i n l e t s  10-F-1/4 and 10-F-1/2 over that obtained with i n l e t  10-F-0. This 
increased   subcr f t ica l   per formance   probably   resu l ted  from more e f f i c i e n t  
subson ic   d i f f i s ion  in the case o f   i n l e t s  lO-F-lL4 and 10-F-1/2. However, 
no i n c r e a s e  in stable mass-flow  range was obtained,  probably  because the 
add i t ion   o f  the spacers d i d  n o t   r e s u l t  i n  an a;ppreciable s t a b i l i z i n g  
l e n g t h  (figs. 5(b), (c) and (a) 1 . 

Because i n l e t  10-F-1/4 proved t o  be one of the better i n l e t s ,  an 
e x t e n s i v e   i n v e s t i g a t i o n  was conducted t o   o b t a i n  i ts  i n t e r n a l   a n d  exter- 
nal   performance,  the  resu l t s   o f   which  have been  presented i n  r e fe rence  1. 
Part of  th i s  p e r f o m c e  has been  repeated in figure 10 for comparison 
with the o t h e r   i n l e t s   p r e s e n t e d   i n   t h i s  report. Fdr M = 2.0, figure 
LO i n d i c a t e s  a peak t o t a l -p re s su re   r ecove ry   o f  E percegt ,   inc luding  a 
4 p e r c e n t  loss ahead  of the W e t  due t o  the forebody, as compared wfth 
7 9   p e r c e n t   f o r   d n l e t  3-R-0. A comparison of the breakdown  of l o s s e s   i n  
figures 10 and 6 i n d i c a t e s  a decrease of 4 percentage   po in ts  i n  i n l e t  
shock l o s s e s  with i n l e t  10-F-1/4 from that obtained with f n l e t  3-R-0.  
This   decrease   resu l ted  from i n c r e a s i n g  the preccrmpression ramp ang le  
from 3' t o  loo. The leve l  of p re s su re  recovery i n  the low compression 
r eg ion   nea r  the outboard  cowl wall a t  a i r - f l o w   s t a t i o n  2 f o r   i n l e t  
10-F-1/4, presented in contours  i n  r e f e r e n c e  1, w8s approximately 7 
pe rcen tage   po in t s  higher than the p reseu re   r ecove ry   i n  the low ccnnpres- 
s i o n   r e g i o n   f o r  in le t  3-R-0 (figs. 7(s)  and  7(b)). 

The i n t e r n a l  performance and breakdarn of total-pressure losses f o r  
i n l e t  10-F-1/4 me a l s o  presented i n  f i g u r e  10 f o r  % = 1.8 and 1.5. 
The curves i n d i c a t e  peak t o t a l - p r e s s u r e   r e c o v e r i e s  of 89  percent  and 
93.5 p e r c e n t   f o r  M = 1.8 and 1.5, r e s p e c t i v e l y .  0 

It was a l s o  observed that f o r  all the 10' precompression ramp i n l e t s  
the boundary-layer air from the precmpress ion  ramp st i l l  bridged &cro6s 
the v a r i a b l e - r m p  leading edge, as it did with the 3' precmpress ion  ranrp 
i n l e t s .  

Performance i n  puls ing   reg ion .  - Figure ILL p r e s e n t s  the i n t e r n a l  
per formance   and   d i f fuser -ex i t   to ta l -pressure   recovery   contours  i n  the 
p u l s i n g   r e g i o n   f o r   i n l e t  10-F-1/2 and a free-s t ream Mach number of  1.8. 
As the mass-flow r a t i o  decreases and p u l s i n g  starts, the l e f t  duc t  car- 
ries moet of the mass flow (fig. 12(a)). The l e f t  duc t  carries pro- 
g r e s s i v e l y  more mass f l o w  while the over -a l l   p ressure   recovery   decreases  
as the mass-flow ratio is fu r the r   r educed   ( f ig .  l l ( b ) ) .  Between p o i n t s  
11fb) and l l ( c ) ,  the twin-duct f low p a t t e r n   r e v e r e e s  and the r i g h t   d u c t  
carries n e a r l y  a l l  the flow (fig.  l l ( c ) )  with a s l i g h t   i n c r e a s e  fn t o t a l -  
p ressure   recovery .  When the mass-flow was Fncreased from p o i n t  l l ( c )  

cu 
M 
N 

M 
. -  

. 
" 
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the i n l e t  performance  followed the upper  curve with the lef t  d u c t  carry- 
i n g   p r o g r e s s i v e l y  more mass f l o w  {fig. l l f d ) )  . Pressu re - sens i t i ve  pick- 
ups  in  each duc t   i nd ica t ed  that t h e  t;win duc ts   pu lsed  in phase a t  p o i n t  
(a). A t  p o i n t  (b] the amplitude  of the pulsat ion  decreased  and the pu l s -  
i n g  became i n t e r m i t t e n t ,   b u t  was s t i l l  i n  phase. A t  p o i n t  (c) the 
amplitude  and  frequency  of the pu l sa t ion   i nc reased  with no in-phase 
pulsing,  and a t  p o i n t  (a) the ducts   pu lsed  as they d id  a t  p o i n t  (b]. 

Detached wave p e r f o m n c e .  - Figure 1 2   p r e s e n t s  the performance of 
inlet 10-R-0 a t  Mach number 1.5 wLth the variable-ramp angle set high 
enoughoto  detach the second  shock. A canpar i son   of   f igure  12 f o r  
h = 20 with f i g u r e  1O(c) f o r  X =X loo i n d i c a t e s  a r educ t ion  of only 
1~ percen tage   po in t s  i n  maximum t o t a l -p re s su re   r ecove ry  from detaching  
the var iab le- rmp  shock .  It is a l s o  evident  f r o m  figure 12 that k t h  the 
reduct ion  in maxlnnrm mse-flow a v a i l a b l e  with detached wave opera t ion ,  
the i n l e t  would be forced  to match the engine i n  the far s u p e r c r i t i c a l  
reg ion .  A ccrmparison of the minimum stable mass-flow r a t i o   p o i n t s   o f  
f i g u r e s  1 2  and 1 O ( c )  i n d i c a t e s  that a lower air f low  could be obtained 
w i t h  the i n l e t ,   b e f o r e   p u l s i n g  started, by de taching  the variable-rap 
shock. This conce ivably   could   o f fe r  a method of ob ta in ing  lower inlet 
air f l o w   f o r  mrttching a t  reduced engine speeds wi thout  the danger of 
i n l e t   i n s t a b i l i t y .  A comparison  of the breakdown of   t o t a l -p re s su re  
r a t i o   l o s s e s  in f i g u r e s  12 and lO(c) ind ica tes   approximate ly  the same 
supe r son ic   r ecove ry   fo r  the two c o n d i t i o n s   b u t  a higher subsonic   d i f -  
f u s e r  loss i n  the case of the detached wave, probably  caused by the 
higher inlet Mach number. 

1 

Subsonic   diffuser   performance.  - Figure 13 p r e s e n t s  the subsonic  
d i f f u s e r   p e r f o r m a n c e   f o r   i n l e t  10-F-1/4 over the range of  variable-ramp 
a n g l e s   t e s t e d   f o r   s e v e r a l   i n l e t  Mach numbers. Th i s  Mach number, in all 
cases, was the va lue  obtalned a t  the i n l e t  rake s t a t i o n ,  which was 4 
inches  downstream  of the cowl l ip .  F igu re   S (c )   p re sen t s  the change i n  
d i f f u s e r  area v a z i a t i o n  w%th changes i n  variable-ramp angle s e t t i n g .  
The dashed lines on figure 13 r e p r e s e n t  the d i f f u s e r  performance esti- 
mated by an  adaptat ion  of  the method of reference 2. These est imated 
curves indicate &I] increase i n  diffuser e f f i c i e n c y  with i n c r e a s i n g  
i n i t i a l  rates o f   d i f fus ion .  The e x p e r i m e n t a l   r e s u l t s  indicate a t r e n d  
similar t o  the est imated  curves   up t o  8 variable-ramp angle of approxi- 
mately 13'. A t  angles greater than 13 , the d i f f ' u se r   e f f i c i ency   de -  
c reased  rather r a p i d l y .  The t r end   o f  the experimental   curves  was 
siiuilar t o  that presented  in r e f e r e n c e  4; however, in r e f e r e n c e  4 the 
d i f f u s e r   e f f i c i e n c y  pealred'at a higher rate of expassion than it d i d  
i n  this inves t iga t ion .  It is a l s o   e v i d e n t  from b o t h  the estimated  and 
ex-perimental  curves that d i f fuse r   e f f i c i ency   dec reased  with i n c r e a s i n g  
i n l e t  Mach number f o r  a given area d i s t r i b u t i o n .  
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SUMMARY OF RESULTS 

NACA RM E54D20 

An i n v e s t i g a t i o n  was conducted i n   t h e  Lewis 8-by &foot   supersonic  
wind t u n n e l   t o   d e t e r m i n e  the pe r fo rmance   cha rac t e r i s t i c s  of a twin-duct 
a i r - i n t a k e  system u t i i i z i n g  several variable-geometry double-ramp i n l e t s .  
The i n v e s t i g a t i o n  was conducted a t  Mach numbers  of 1.5, 1.8, and 2.0. 
The f o l l o w i n g   r e s u l t s  were obtained: 

1. For all t h e  double-ramp i n l e t s   i n v e s t i g a t e d  the boundary-layer 
air from the preconrpression remp br idged   across  the leading  edge of the 
variable ramp, caus ing   the   second  ob l ique  shock t o   o r i g i n a t e  at a p o i n t  
downstream  of the vmiable-ramp leading  edge.  This, of course,  would 
compromise any design based on a theore t ica l   shock   conf igura t ion .  

2. Increasing  €he  precompression ramp angle frm 3' t o  10' i nc reased  
the   ove r -a l l   t o t a l -p re s su re   r ecove ry  frm 0.79  to.0.85 at a Mach number 
of 2.0, i nc lud ing  a 4 percent loss  ahead  of the i n l e t   d u e   t o  the forebody, 
because of the lower inlet shock   losses   a t tendt tn t  with t h e  higher ramp 
ang le .  

3. In the p u l s i n g   r e g i o n  dissimilar duct   opera t ion  nas obtained i n  
t h a t  one duct carried most of t h e  mass flow. 

4. For a g i v e n   i n l e t  Mach number t h e   s u b s o n i c   d i f f u s e r   e f f i c i e n c y  
was dependent on t h e   i n i t i a l  rate pf subsonic   d i f fus ion ,   and ,   for  a 
given area d i s t r i b u t i o n ,   t h e   s u b s o n i c   d i f f u s e r   e f f i c i e n c y   d e c r e a s e d  as 
the i n l e t  Mach number increased.  

Lewis Flight Proplusion  Laboratory 
National  Advisory Committee for   Aeronaut ics  

Cleveland, Ohio, A p r i l  22, 1954 
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Figure 1. - Photograph of model in tumel. - 
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Pi- 2. - Diagram of model with representative crosa sections (all dimensions are in inches). 
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(b) Inlet  10-F-0. 

Figure 3. - Concluded. Photographs of inlets. 
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Model a t a t i o n  
36.00 

Actuator 

ode1 s t a t i o n  51.10 

Model s t a t i o n  
36 .oO 

H i n g e  at mdel station 51.10 
0. 

( f )  Inlet 10-R-0. 

N 
N 

. 
" 

(g) w e t s  10-F-0, ~o-F-L, ana IO-F-L. I 

4 2 

Figure 4. - Concluded. Detailed VIWB of inlet c d i w a t i o n s  (a l l  dimensions are in 
kohes) . 
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Axial distance r a t i o ,  X/L. 

(a) hl6t 3-R-0. 
Figure 5. - Subsonic dFfPUaer area verlatioas. L, 81.5 inches; A3, 0.457 square feet, 
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(a) Inlets 10-R-0 ( c )  Inlet 10-F-1/4. 
and 10-F-0. 
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0 .. 1 .2 .3 .4 

(a) Inlet 10-F-1/2. 

Figure 5 .  - Concluded. Subsmic diffuser area variations. L, 81.5 inches; A 0.457 square 
feet  . 3' 
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Figure 6. - Internal performance and breakdown of l o s ses  for 
i n l e t  3-R-0 a t  a free-stream Mach number of 2 .O, and a 
variable-ramp angle of 19'. - 
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(a) Ihut 3 4 - 0 ;  mae-rlov r a t i o ,  0.798. 
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(a) Ems-stream Mach number, 2.0. 

.5 .6 .7 .a .9 1.0 
Mass-flow ratio, m3/mo 

(b) Fkee-stream Mach number, 1.8. 
Figure 8. - Internal  performance of inlet 10-R-0 at  variable-ramp 

angle ‘of 190. 
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I (a) fiee-stream  Mach number, 2.0; variable-ramp angle, 190. 1 

.4 .5 .6 .7 .8 .9 1.0 
Mass-flow  ratio, m3/mo 

(b) Free-stream  Maoh number; 1.5, variable-ramp angle, loo. 
Figure 9. - Effect of diffuser area variation on inlet internal performance 
at angle of attack of 3.5O. 
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.5 .6 .7 .8 .9 1.0 

Mass-flow ratio, m3/mo 

(a) Free-stream Mach number, 2.0; variable-ramp angle, 19O. 
Figure 10. - Internal performance and breakdown of losses for inlet  
10-F-114 at angle of attack of 3 .So. 
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I I Experimental Variable-ramp 

angle, 18' 
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(ref. 2) I 

Subsonic- 
diffuser 

lhlet 
shock8 
Nose shock 

.5 .6 .7 .a  .9  
Mass-flow  ratio, m3/mo 

(b) IEree-stream Mach number, 1.8. 
Figure 10. - Contbued. Internal performance and 

breakdown of losses for inlet  lO-F-I./4 at angle 
of attack of 3.5O. 
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0 
.4 .5 .6 .7 .8 .9 

Mass-flow ratio, %/mo 

(c) Free-stream Mach number, 1.5; variable-ramp angle, 100. 

for Inlet 10-F-1/4 at -le of attack of 3.5O. 
Figure 10. - Concluded. Internal  performance and breakam of losses 
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.5 .6 .7 .e .9  
Mass-flow rat€o, m3/mo 

P3IPr, = 

(a) Mass-flow ratio, 0.726. 

= a  

(c) "ass-flow ratio, 0.522. ( b )  Masa-flow ratig, 0.632. 

Figure 11. - Internal perfom&nce and  diffuser-exit  contours in p u l s i n g  region for 
i n l e t  10-F-L/2 at ,Mach number of 1.8, angle of attack of 3.S0, and variable-ramp 
angle of 14O. 
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-2 .3 .4 .5 .6 .7 
Mass-flow ra t io ,  m3/mo 

Figure 12. - a t e r n a l  performance and breakdown of losses for 
inlet 10-R-0 at free-stream Maoh nurlber of 1.5, variable- 
ramp angle of 200, and angle of a t t t  ck of 3 .so. 
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Figure 13. - Subsonic dlffueer performanoe for inlet 10-F-1/4 at 
angle of attack of 3.5'. 
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